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Abstract: Comparisons of carbon and nitrogen transformation and their coupling relationships among different forest types,
including primary and restoration forests after primary forest harvesting in the subalpine region of western Sichuan, are
relatively limited. In this study, we measured the seasonal dynamics of soil respiration and gross nitrification rate using the
barometric process separation ( BaPS) technique and examined their possible effect in Abies faxoniana primary, Picea
asperata broadleaved mixed, natural secondary Betula—Abies, and P. asperata plantation forests. The results showed that the
average soil respiration and gross nitrification rate during the growing season were the highest in P. asperata broadleaved
mixed forest and P. asperata plantation forest, respectively, and were the lowest in A. faxoniana primary forest. The soil

respiration and gross nitrification rates varied obviously during the growing season, peaking in July. They were significantly
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correlated with soil temperature (P<0.05) , but were not significantly correlated with soil water content, indicating that soil
temperature , rather than soil water content, is a controlling factor in the regulation of the seasonal dynamics of soil
respiration and gross nitrification. Soil respiration temperature sensitivity varied from 2.59 to 4.71 with the highest in the A.
faxoniana primary forest, suggesting primary forests at high altitudes may be more vulnerable to climate change. Soil
respiration and gross nitrification rates among forest types were mainly influenced by litter mass, pH, and soil organic
matter. The soil respiration rate was positively correlated with the gross nitrification rate in different forest types, indicating a

coupling relationship between soil respiration and gross nitrification rates.

Key Words: soil respiration; gross nitrification rate; seasonal dynamics; forest type; subalpine
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MESAREE , C B B TR RIRUKAEARLL N T R AR S 7 3 [/ R B0 0 v o3 o A 2 AU AR 34
TR WIS K2 (Abies faxoniana) ZIHME( Betula albo-sinensis) FIMA: 542 ( Picea asperata) %5 ; #EAN £ H A HE
Wil (Salix paraplesia) \FitT ( Fargesia spathacea) £LEALMK (Sorbus rufopilosa) /&5 LLIFERS ( Rhododendron delavayi)
1= R4l ( Berberis julianae) 55 ; £ B ¥ AR N & ¥ ( Carex tristachya) & W & ( Cacalia auriculata) F1 155 111 BR
( Cystopteris montana) %, TN HIAZE, AR ERZ

2 HIRAE

2.1 MR

AR 4 FPEBIRMAE XSG, 73 0 R URT TR AZ I d AR HRL = A2 N TR AL 25 A2 f bk (L rop
Ko =2 N TR, J5 IO N R LB B MR TR A ST S5 [ I ) FNZLME IR VTR AZ RAR IR AR, IRVT AR AZ AR
T2 3500 m, MRIE 24 192 4F ;3 FlR & AR TE 3000 m £ 45, MRIE 2 30 4F  IRVTVS 12 SRR AR FIRLA: 5 42
N TR B HLE B0 512 5 TR A = A2 AR 7 SR Bk B DI B T RS 5 A2 [ I PR 2R
VLV A2 RIRUR A MRS A3 AT (AR S, BE RS 0 A AR 25 42 i I ORI Z 1M R VTV A2 R AR IR AE PR A T b
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Table 1 Characteristics of different forest types

K , N WIE
AR i Yl iEe L " :
Forest tvbes Slope/(°) Aspect DBIL/ Heieht/ Density/ Litter Mass/
orest types ope. spec cm eight/m (H/hm?) (Vhm?)
[ RAREY AN
Fh{ («*;Eilnﬂi . 36 SE 39.81 20.14 366.67 39.11
Abies faxoniana primary forest ( AF)
MU B AZ I AR
38 SE .02 6.07 2260.62 14.86
Picea asperata broadleaved mixed forest (PB) ?
ZIME-URTTVS 2 AR LR
35 SE 9.50 10.19 2083.33 27.82
Natural secondary Betula-Abies forest (NS)
*ﬂﬁL\BAI% . — — 11.40 8.28 1433.33 24.47
Picea asperata plantation forest (PA)
- S0C/ TN/ ( C/N SMBC/ SMBN/ FRB/
’ (&/ke) &/ke) (mg/kg)  (mg/kg)  (g/m?)
[FRAREY ALY N
RILYS 2R ] 4.04 33.73 2.44 13.77 1231.35 133.75 134.84
Abies faxoniana primary forest ( AF)
MBI
4.55 47.54 3.02 15.9 1577.13 308.67 104.91
Picea asperata broadleaved mixed forest (PB) o ?
LIRS A2 R IR AR
4.50 48.28 2.73 17.60 1211.59 181.14 127.57
Natural secondary Beiula-Abies forest (NS)
¥ KT
M= ATH 5.94 33.80 1.95 18.85 633.09 130.48 219.35

Picea asperata plantation forest (PA)

# pH ME RS K+ HEA 1.2.5;“—" FoR MR 7 22, 2R 10 35 B 3 17 5 SE « 7R B 3K [7] , southeast slope ; SOC.: +3E45 #LA% , soil organic carbon;
TN 42, total nitrogen ; C/N: BRA( L, the ratio of SOC to TN; SMBC : - 31 /L ¥ 5 1 , soil microbial biomass carbon; SMBN; 4 83 A& # #2: %(, soil
microbial biomass nitrogen ; FRB ;7% 40 (@ <2 mm) 444 , living fine root biomass

2.2 hIERPIR NG AL R

M 2015 4F 5 A3 11 A 18], 40 AT — O EAERAE I S P IR RS A A R 5E B R AR R
(ABUH 100 em® ) AL 76 BaPS REGEHT, LA 5 AR T] AR —2H, 5 DFRTT L AR 7 Rl — D REH
ST RURAER L, SRAEIS SE R/ N TR R M R b R I S M AN S A ) B AR SR 5 I BR T, - e o
TR TR GATHNIEF AL, ZJ5 /NGB ER T /N DR ER TR 38 517, Jf o 5 4 521, By 1K
OIHCR . REEEERUS  SL R AR AR DA B SE R 3 BT 4 C KA TP ORAE R T — AN e i 2

IE SRR AR IR IR S BT BaPS SCR A, i Ll A A2 AR 1 o 7, B LS i AR K 7
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— U5 AR AR R GV AT 2 /0 30 min, Z AT R P A TR]  SUBE PR AN« Y 10 mL 16T DA% P 255 05 PY 0
i 10 mL A, 10 min 2Z PN P 25 8] R )28 A0(E/N T 0.2 hPa, WU M R AT 465 D0 S8 A U AN 4
PRI E 5 AL B IR S SRS TR N E (12 h) o MESS IS, BaPS TR IFE i 4k
PERNE 3BT, BAZAT ) A 0T W A SR fb 3 2 E, 43 LA pg C kg™ SDW (soil dry weight) h™' Fl pg N kg™
SDW h™' R Bl (HH 1 pg =107 mg=10"¢) ,
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FERFUCRAE R SR 4 R R T HE SR AR AL S om AEIIR B . BaPS ME 455 6 5 3 T)
TR 105 °CHERE LTI T3S K R, 25 IR B 5 152 e K e A b K o FE bR 4
I A RS A A FH 88 DDA DG 1) - 388 SE /K AL B B2 ( Water—filled pore space, WFPS) , ‘B AR T 3R K 7310 Fl
B FRARIT .
WFPS=(SWC x BD)/STP
STP=(1 - BD/PD) x100%
A, WFPS S H 458K FLBR B, % ; SWC Sy 8 & & /K&, % s BD N LI, o/em’; STP hy H 3B FLER
&, % ; PD 2} ORI B B 2.65 ¢/em’
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Fig.1 Seasonal dynamics of soil temperature and soil water filled pore space ( WFPS) in different forests

2.4 Fdmaba

AR S S AE S BT T HEA T 5 BT PEAR 45 (Levene's test) o 07 WRIU T - S I 5 R E8 A A 39 248 119 52 0 SR T 3L
K J5 225047 (two—way ANOVA) , A BRI @& MK R a=0.05, Z T HECSR A Tukey HSD 3, +IEIF
W 5ok 5 - S 1) 1) 56 R SR AR RO R Gy =ae®™ (y 0 LSNP R« g SR a Fl b N R0 ; -
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AT AR ES ] AT 22 5 (TR 2) o - SR R Rl A o 3 B AR AR VT8 A2 SRR MR ARG, o A K Z ) )+ 35
PR AT 65.91—239.02 pg C kg™ SDW h™' |, Bl fL# AT 14.12—47.42 pg N kg™ SDW h™', M=
FZRE AR A SRR AT 229.65—566.73 pg C kg™' SDW h™', B A1k &4 T 23.39—64.62 pg N kg™ SDW
h™' ZIHE-IRVTRAZ RIR AR HIERFIZ DL 5 A dRefik, 122,15 pg C kg™ SDW h™', &2 7 H ik s, >
463.07 pg C kg™ SDW h"; RIS LHAR S HILL 7 A A1 11 7 oy s A ik, 435310 55.31 pg N kg™ SDW h™
F120.40 pg N kg™ SDW h™' . FHAELZAZ Fal AL ST R R0 S AL R L 11 AR BEIR, 433110 230.99 pg C
kg™ SDW h™' 1 18.13 pg N kg™' SDW h™"; T JENT-WE AR F S AL B e i 430 hy 8 73 (523.44 ug C kg™ SDW
h™ ) A7 Ay (64.72 pg N kg™ SDW h™')  HREUFIH 153%6F - e R A B AL R HA W 55 m (£ 2) .
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Fig.2 Seasonal dynamics of soil respiration and gross nitrification rate in different forests
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Table 2 Two-way ANOVA results of forest type, month and their interaction on soil respiration and gross nitrification rate

ek HRIEL Forest type A1 Month ZH AR Interaction
Indices df F df F df F
SN F R Soil respiration rate 3 25.617** 6 26.850 *** 18 1.059™
+ 3 AL 3 R Soil gross nitrification rate 3 36.160 *** 6 52.891*** 18 7.758 ***

df: A E ,degree of freedom; * * * p<0.001,NS; /g & , non-significant
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Fig.3 Relationships between soil respiration, gross nitrification rate and soil temperature and WFPS
®3 TETRMBMUERSIERENLNSHE
Table 3 Fitting models of soil respiration, gross nitrification rate and temperature
FhA> Forest types J7FE Models R? P Qo
yp
A HERF IR IR Soil respiration rate-Temperature
URTT Y FZ AR K Abies faxoniana primary forest y = 44,6315 0.888 <0.001 4.71
HMUB =AM AR Picea asperata broadleaved mixed forest y = 117.96e%127+ 0.610 <0.001 3.56
LTRE-IR T A2 RIR IR A MK Natural secondary Betula—Abies forest y = 85.89¢%!12* 0.253 0.020 3.06
AL Z A2 N TAHK Picea asperata plantation forest y = 140.27e%05+ 0.372 0.003 2.59
A+ SRS -TR JE Soil gross nitrification rate-Temperature
URTT Y FZ AR K Abies faxoniana primary forest y = 5.86 x+3.05 0.651 <0.001
HA A2 AR Picea asperata broadleaved mixed forest y = 5.52 x—4.81 0.667 <0.001
LIME-IRYT A A2 AR UL AR Natural secondary Betula—Abies forest y = 3.89 x+1.53 0.371 0.003
HAE A2 N TR Picea asperata plantation forest y = 5.26 x-6.23 0.634 <0.001
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3.3 kRN IR AR A AR A PRI ] A S 4 e P T

Xob AN [ AR - ST R A A R AR S A S [ BEA T2 A8 [ VA 20 B (3R 4) |, S SRR WA AN [R) AR R
[, JA v 4k | 39 pHL AT BILJGE 35 0) S8 P A A R A AT SR, L A R T e SR R
ML AR AR 1Y 92.9% F1 89.7% I v et 5 SR ITWR ALEMAH AL I A 19 1] U0 2 K0 o L, SR WA 7 4
0T L S RIS A R A —E AR, 3 pH RIS BB X - SRR LG A A e R

F4 TEFRMEHECERSEAXEFHZRSEIEFSE

Table 4 Step regression equations of soil respiration, gross nitrification rate and their factors

R A & Dependent variables b2y Step regression equation R? P
A ENTIR 5 2 (SR) Soil respiration rate SR=11.94-5.36 LM+63.30 pH+1.38 SOM 0.929 <0.001
+ 5 AL 3% (GNR) Gross nitrification rate GNR = 14.26-0.29 LM+4.38 pH+0.10 SOM 0.897 <0.001

n=12;LM AFATEY i Litter mass; SOM A4+ 34 HLTE Soil organic matter

3.4 b HENTUR R RS AL R OE R

XPAS [ AR53 A SR W 3 R0 G Ak B A TR AU G (T 4) 45 R [RIPR 43 A ST 0 o 3 R i Ak 38
() B AEAE W B 25 B TEAH GME (P<0.01) |, B 5E REL R* AT 0.330—0.774 Z 0], LA 2542 M AR AN 20 M — DR VT
AL RAR U AR A 398 5 1 3 3R Bt 25 - 39 I W 336 ot ) 386 4 R A A X L - 28, ke M40 T R LR 4 S0 o
0.0667F1 0.082, MiHA 2 FPAR /34L& IR REREIK T 0.1,
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Fig.4 Relationships between soil respiration and gross nitrification rate in different forests
4 it

PRI Py Pk 7 3 2 A A S 2R 0 BB R A R R e S R L T R R R O B — B gt
AT, VG5 1 4 Rl [R) ZRARE Y S i f S i fL s R B 22 ek AR K2y, L e 24 0P i ok
R = 2R R A =42 N TARES S, 70598 342.45 pg C kg™' SDW h™'#1337.77 ng C kg™ SDW h™',
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R B R L M- DR TT VA2 KRR AE AR (244.82 g C kg™ SDW h™") FIIRTTAAZJE A HK (144.90 pg C kg™ SDW
h™') o ARG SR 5 [ N A — BB 5 A5 B0 R R AR ST I AR A - S el R B e 1 e R e e — 3T (1
S5 A1 PG V. ey 1L AT SE A5 L A 20 HE 2242 AR A bR - IR I /N T AR I AH BT 1 25 42 N EARSE SR AR —
5 T A AN [ ) ) A A R A — B, A A S LU S A2 N TR, o 39.16 g
N kg™ SDW h™", W =5 THIE = AZ AR (38.82 wg N kg™ SDW h™') ZLHE-IRVTISH2 RIR R AE AR (32.96 wg N
kg™ SDW h™") FRVTIR A2 IR K (26.97 wg N kg™ SDW h™')

ST IR R ALH R A2 VE 2 R BRI, A ) B SRR B IR A5 00 S PR 3R 2y 32 B AR 11
S, AT T 6 23 1 AN [ AR R ) -+ SERF IR AL E A A R AR R 22 515 1 AR ST TROR [l ARR ) JR Y5 9 e |+
58 pH R AL o - P RS RS A DR B R, A HUTTR pH AR E T SR R SRS £
F, FHAPTURA VY R R, 2 Y Re R AR IR IR, DR v A AL ST T DL S g A
1 A s P (R 2 - ST AS AR VR 18 pH IR AN AT REAT LA R AR 5 — R E I
P pH, T RARG N 3 5 A A ROPE 5 T R Y pH 2t - R 3 B A AR 0 i A T
P I R ARG P IRRIL RS FEE R JRVE A R A ML 4 R R 7E — e R L R L B
FRAARAE S ABASHF ST L UR T4 ) - SR IR 0 A o S EA SRR, AT BB R S AN K AR
TRAAR, IV W 43 i R A8 PR P 02 305, 3 CO, 18] KA B2 B B AR T - 39 A 3t , AR
FHEYITE S I P RESUE 1 I WA S A I IR SR (b SR AR Y e R T
SR W i T AT A SR IR SR A 5 A S F L A SRR RS T R AR i R S A2 R
bR (B 2 Fg 1) o b R S A2 N TR R I A AR AR i (3R 1) , 0] B2 5 BOH: - 1P I 3 e 45
A

AR BB XN TSR ERRG IR A KB, A BFFE R B R TR AR A A T
TR AR AR E O I HLAE AR i R o 2D RE- IRV AZ TR R A bk -1 32 3 A A sh i e ma g /s,
I RAR PSRN, (A5 T SRR o AL 5 45 38— 2 R B (R, S50 % A ML T R 36T Xl
P R 2 1 LT R — R VTV A2 K AR YR A A - H 7 R 0 A i 3 23R %/ Al 7 oo R AR A BT IR YT 42
Jir Jefa A A TR R A AR AT 5 i A A B v, A ORI A G

BRI BE K 43— B A S 5 R - SR IR LAY A SR R S A Y B R Y AR ST 4
TR Y - 98 P87 338 R i Ak 3 AT B I ) 2 1 A4, 2R B R A K 2R R AR B A AT i e B R A v 1
AR S 2R A R8T IR RS R L RN 5—T7 A BT, L7 A s RS, 2
JE BT TR (B 2) 5 SRR S e 2 ] AR A S SR — B (B 1) IR 1 S R R R R
O, 175 K AR S MEA 2 (&1 3) X 51 PE 0 s L SRR AR 7 SRR T AR 2 A gt 45 SR —
., 5 BERE AR, TR R S 1 R W E AR (H S RO AR B (B 3) , S
SOV A G - R A R S K A 3 TE A S A A5 RS — B, X T RS AR ST 4 HEOK A 1 2
ARSNGB A R AR FR IS T A LT 0 A N A T A A e A R SRk
R0 BR300 2o 5 MR AR RV A 3% 3 RS 4 ORI R T 2 A I 10 5% i) B e SR
P T A HEK AR A R B PR DR B 8 3 S R ) T ) R R (H Y
SR I3 AR T I — BRI, - 39 m0 U A 3R 32 B 7 BRI B A 00 P R 1) 24, — A = K 73 B2 TEAH O OG
F {0 HOK R B — B, AN A T2 BRI - e AU bl R T AR gE R, K
ASEA Hi IR A B ) R 400 FL AR A A K gl sl A (A L P 27, L - R 5 24 20 25 110 5 o k21 0 2
ARALE R R B e s

- SN P U BBURRAE ( Q) A DX SRR 4 BRI BE LA 0 v ) 7 S e A A SIS R L i Y S e R
KU ARBIRAHI P 5 110 4 FhbR R 3 Q0 (% 3) » T IR EARAR S 0,0 AL (1.10—5.18) Z
T RS 2 B A TR U B R RN QR IR IR E R TR 1 C, Q, F FE 3.8%—
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HE Q0 225, LB S AZ Rk 135 Q (BRI S A2 N T AR/, Zheng %51 3 v [ AN [ bR A Ak
38 QT AR5 Q2 R TR SRR Curiel 8515 A5 H R [RS8 A0 R 38454 16 7 bk 1 45
Q1o 35 R TAT bR, 2B P AR 6 A R Ao 5 SRR BB B PR S kS, AN 5 LS = A2 T i B
ZLME-URTTVFZ R IR A MR A B i L A9 ) 9 R Aol TR 5 A2 N MO 6 S Al AR, W o e A T
SPEC3 FhARIELE] QAL E BN, T3 Ak PRI SR A W R LB 4 B R MR LR B Q  TEA )
PRI 22 S E P Y

SR P R A PR TR AR5 D it JEE AR R B B , e rp — i R AR W [T 5, 55
SRR 2 e rh T IR BRI T A R R 5 O R N IEAR DG AR FE LA th 1| PG 55 1L 4
ol AR - S R AR PR SR TEAR G OCAR (P 4) o i 24 A 2 B ek s AR R R ) R P AR 2
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